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DESCRIPTORS~- %LATERAL DOMINANCE, ®NEUROLOGICALLY HANDICAPPED,
#*READING DIFFICULTY, LANGUAGE SKILLS, EYE HAND COORDINATION,
SERIAL ORDERING, CEREBRAL DOMINANCE,

ASPECTS OF NEUROLOGICAL RESEARCH ARE PRESENTED UNDER THE
TOPICS OF NEUROLOGICAL GROWTH AND DEVELOPMENT, CEREBRAL
DOMINANCE, "SPLIT-BRAIN" SYNDROME, AND SEQUENCING. THE FIRST
TWO AREAS INDICATE THAT ASSESSMENT OF A CHILD'S NEUROLOGICAL
DEVELOPMENT MUST TAKE INTO ACCOUNT VARIATION CF RATE AND
DEGREE GF DEVELOPMENT, AND THAT THE SIGNIFICANCE CF ABNORMAL
NEUROLOGICAL SIGNS IN A CHILD WITH READING DISABILITY MUST EBE
COMPARED WITH THE FREQUENTY IN A "NORMAL" POPULATION. THE
LAST TWO AREAS INDICATE THE COMPLEXITY OF CEREBRAL DOMINANCE
AND THAT SEQUENCING AS A STAGE OF DEVELOFMENT MAY CONTRIBUTE
TO AN UNDERSTANDING OF READING. (BK)
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NEUROLOGICAL RESEARCH RELEVANT TO READING-=1967
Interdi.ciplinary Session

Dr. Ketchum, Members, Guests:

I shall attempt to adequately substitute for Dr. Silver by acquaint~
ing you with certain éspects of ncurological rescarch in the area of
rcading disability and allied ficlds., Because of .he time limitaticns
regarding preparation and presentation of the material selected for
your consideration, it must reflect thz spcaker's personal interests
and beckground. The topics chosen are deliberately eclectic but by
no means & ceaplete suwmary of the material that could be gathered
together under this hcading. The authers cited are primarily, though
not exclusively, physicians, indivicduzls whose professicnal activities
are accorplished in a medical scheol setting, Corroborating or con-

trasting material provided by members of other disciplines has been
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included to indicate interdisciplinary agrecment or argument, as
the case may be., )

Hot all of the material to be considered deals with recading per se.
Some relates to closely allied arcas, other work is presented to indicate
@ unique or particularly interesting approach to a neurological problem
related to.reading disability. Articles published ;H general medical
or more specialized neurological journals have been ﬁrefcrentially
selected and are presented as briéf, annotated bibliographies., This
selection was predicated on the assumption that the majority of you
are probably not closely associated with medical schools nor do you
regularly perusc abstruse medical journals. Somec of the material has
been presented at various medical meetings and is summarized here.

This is as yet unpublished material and has the disédvantagc of not
being currently available to you for further scrutiny, but does illus-
trate some of the vari=ty of neurological rescarch pertinent to reading,
extant today. The last source of material is that of personal acquain-
tenances vho are doing resecarch in the area of reading disability.

They have kindly permitted presentation of some of their material

here today. Irnformal reviews of certain institutional activities which
are sporadically available are also cited.

Now, having furnished the background and set the stage for the
presentation, let us begin with an important area and one of {ntcrest
to teachers, pediatricians and neurologists.

Meurological Growth and Development

The failurce to establish preferential usc of eye or hand, or

establistment of preferred eye and hand on opposite sides of the body

has been considered evidence of incomplete or misxed cerebral deminance
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and implicated as causally rclated to rcading disability, by some
authors. Studics by Belmont end Birch (2) have shown that the
establishment of laterality preference is a function of age. Incid-
entally, this may change from side~to-side in carly years and not be
complete until age 11 or 12. Of course, in some adults, with no
reading problem, it may never be established. The background of
establishment of laterality preference as a function of age must be
present in order to asscss significance of laterality preference, or
its lack, in a given child with reading disability.

Belmont and Birch (2), Rosenberger (19), and Silver and Hagin (21)

fail to find a2 significant increase in the incidernce of incomplete or

crossed laterality preference in poor, as opposed to good, readers,

Laterality awareness, or the ability to co}rectly identify ric'it
and left on one'’s body, on another person or in extracorporeal space,
is also a developmental phenomenon. These several subfunctions ffrst
eppecar in moét normal children at fairly closely defined age ranges.
Birch and Belmont (2), and others have indicated the ages at which
these varfous subfunctions 'mature' in normal children, In general,
recognition of right and left on onc's own body is seen in most children
around the middle of the first decade of life and ability to perform
the most difficult task--right and left ordering of several objects
in extracorporeal space is accomplished lete in the first, o} early
in the second, decade of life. Birch and Belmont (2) and Roscnberger (19)
find that therc is a significantly increased incidence of defective
laterality awarcness in poor rcaders,

In interesting contrast--Alexander and Meney (1) of Johng Hopkins

locpital, find in paticnts with Turner's syndrome, a cytogenctic dis-~
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oréered with disordercd development of primary and sccondary sex characte-

eristics, deficit of form perception and of directional sense and

essentially normal reading skill,
Another area showing developmental change with age is that of

associated moverr nts in one hand which mimic those of the other hand

(R R IR IR S A AN gt v § dosmcmieigS st

periorming a task-~so called mirror movements. MNormal patterns of

§ development presented by Dr. Fog (6) of Denmark show that 90% of 5-6
; year old and 10% of 14=16 year o'd normal children exhibit such movements.
The frequency of occurrence is influenced by the emotional and physical

state of the children, the nature and relative difficulty of task.

é Another kind of movement which has attracted attention is that of
\}’ B

i "chorciform' movements. Chorciform movements, coupled with reading

4 .

!

: disability has been termed the ''choreiform syndrome" by Prechtl and

Stemmer (18),

Stemmer (23) by herself, and Rutter, Graham and Birch (20), in

§ more recent years, have studied larger numbers of children with and

E without reading disability and find no significant association between
; . )

F choreiform moveménts and reading disability,

E Another group with prominent motor signs are those described by

Gubbay, Ellis, Valton, and Court (8). They described a curious group

g of children with a high incidence of left handedness, right-left

disorientation, ''crossed laterality", poor handwriting, spcech defects,

:

% constructional apraxia, squint, abnormal electrozncephalogrem, inability
i ) .

: to dress self even in second decade of life, and other findings some-

times considered iadicative of centrel nervous system pathology and
significuntly associated with reading disability. OF intcrest is the

foct that scme of these children had no difficulty with reading and only




I b

AT A TSN sl

)
N
;
i
:
i
H
i
§
{
;
4
:
i
!
§
¢
i
H

treatment.

Page 5
John B. lsom, M.D,

six of thé twenty-onz patientu reported had serious reading disability.
HCerebral Dominance'
cerchbral deminance and disturbances of it has bcen

The concept of
considered by somz to be importantly related to reading disability.

We can appropriatcly examine it here, its nature and asscssment,
Observations have been made at the Montreal Neurological Institute

over many years on this problem. Some of thesec observations have been

recently summarized by Milner, et al (17).

The individuals studied and upon whom the observations have been
made are those who have a focal seizure disorder which is presumed,
after extensive ncurological evaluation, to be suseptible to surgical
An important feature of this evaluation is the dctérmination
of the cerebral hemisphere dominant for speech. To this end, the VWada
test is performed. This consists of the injection of sodium amytal
into. first, one carotid artery, and then the other. The purposé of
the test is to determine whether the-injection of amytal is folloved
‘by transicnt aphasia. The injection of emytal into the carotid artery
supplring the “gpccch-dominant“ side will produce the transient, but
profound, loss of speech. In assessing the results obtained with
this proﬁedure, it is importanf to realize that this is a highly
selective pobulation. Each individual in it alvready has a clearly
establishcd expression of central nervous system disfunction, namely,
a scizure disorder, |

The speech center was on the left side of the brain in 807% and
in the right side in 10% of right hanced individuals. Therc was no
bilateral represcntation of spcech in right hended individuals.

The @sscssment of the \lada test in left handed, or ~abidextrous

‘individuals must take into account whether or not therc is @ history
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early brain damage. The Hepeech center!'' vias located on the left side

of the brain in 647, on the right in 20% and bilaterally represcntated

in 16% of left handed or emidextrious individuals with no history of

early brain damage. specch was on the right side of the brain in

67%, on the left side in 22% and was bilatcrally representated in 11%

of left handed or amidextrious individuals with a history of early

brain demage.
These obscrvations confirm the hypothesis darived from clinical

observation that the cerebral organization of language is less predic~

tible in a left handed or ambidextrious individual than in a right handed

one. In 10 instances with bilateral representation of speech, nonc

were right handed. This lends support to the notion that individuals

with left handed tendencies show less clear cut unilateral hemispheric

localization of language than do right handed individuals.

Thesc observations are, to a degrec, to be expected in the light

of our knculedge of cerebral function and language vocalization. of

particular interest to educators, especially in the 1ight of the emphasis

upon so-called 'brain damage" and its effect upon speech localization

and one's concept of laterality is the observation that in individuals

with a history of unequivocal left brain injury, speech may still

reside in the left side of the brain and has not been eransferred"

to the opposite side of the brain.

Related obscrvations were rcached by Robert Efron (5) of the

Veteran's Administration Hos ital in Boston. He examined the hypothesis
P Vi

that terporel discrimination is made in the hemisphere dominant for

His obscrvations support, but do not establish, this hypothesis.

spcech.
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The results of his expcriments suggest that conscious comparison of

R e o et bt T R e b e RPNy

the time of occurrcnce of two sensory stimuli (closely related in time)

require the use of the hemispherc deminant for language. Sensory

b (RIS e

PN

; messages which carry information as to time of occurrence and are

i reccived by thc non-dominant hemisphere are transferred to the dominant

; hemi sphere over a longer pathway than the one directly to the dominant

g hemisphere,
% The hemisphere dominant for Eomparison of time of occurrence 1Is
| the left in almost all right handed and most left handed adults. The
right hemisphere is dominant in this sense for a few left~handed people.
& This study, and one with aphasic adults (L), suggests that 'much

| ) of the consignmant of higher functions to the dominant hemisphere will

gé be discarded with recognition that regardless of where the actual

centers are located,many functions will &ppear to be in the dominant
hemi sphere simply because, to become conscious, the phenomena must

submit to this hemisphere's 'temporal analysis.'!

f ‘ Kimura has suggested that the ear opposite the hemisphere dominant

y for speech is the better, or more efficient ear, for hearing verbal
| material (10), (11); the ear on the same side as the hemisphere dominant
X ) .
E for speech is more efficient in recognizing snatches of melody (12).

: These citations illustrate the carebral dominance'' is as icerebral

dominance! does. They do not directly relate reading disability to

cercbral dominance but indicate the complexity of ecerebral dominance!!

and clearly indicete the need for caution in any "explanation' of

ability which oversimplifies the concept of cerebral dominance.

reading dis
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Silver and Hegin (21) arc currently utilizing Schilder's extension
test as a primary measurc of cercbral dominance. This test conéists
of asking the child to cxtend his arms, with fingers spread, while
his eycs are closed. Usually one hand tends to be slightly higher than
? the other. The higher hand corresponds to the hand .used for writing.

-

If the hand opposite the hand used for writing is higher or if both

g hands are held at the same level, the test result is considered abnormal.
*Z They found that 90% of children with reading disability have either

é : , ,

'} relative clevation of the arm opposite that used for writing or relative

elevation of necither arm. Conversely, 96% of children vho have an

[P dhwgor xavpges f gy

abnormal cxtension test have a reading disability. This is an interest-

ing obscrvation using an amazingly simple clinical tool. It will prove

of great value in diagnosis if tie findings are replicated by others.

A T i 20 e Nt

"Split~Brain'' Syndrome
Another avenuc offering insight .into the nature of cerebral dominance
is that of the so-called ''split brain' syndrome. The writings of

Gazzaniga, Bog.n and Sperry (7), (22) and Geschwind (8) are particularly

In bricf, the individuals studied were those in whom anatom-

e . e s Ao AN S N S P T o e i T 5

valuable.

ical connections between the two cercbral hemispheres has been surgically

interrupted., Obviously, these are individuals with some medical disorder

which resulted in the surgery and are, therefore, not an unsclected

"L
e A e et T G R S e TS

population.

{ The number of humans available for studyis necessarily limited but

{
L results suggest that performances iIn which the visual inflow was to onc :

hemisphere only, the required responsc involving only the hand controlled t

§ by the hcwisphere, were little affected. Responscs requiring interaction ;

or dirccl cocperation between the two hemispher2s are seriously disrupsted.
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Aclivitices involving specech and writing vere well preserved to the
extent that they could be go ~rned {rom the left hemisphere. It was

clear that visval information was not transferred from onc hemisphere

to the other,

e

Gazzaniga, et al (7) conclude that localizi’ "on of other functions
in the human cerebral cortex can be tentatively located, as follows:

In the minor (usually right) hemisphere:

1. Conception of extra-personal spatial relations

2. Recognition of faces

. Hearing non-verbal sounds; i.c., clicks or music

S~ W

Performance of block design test

S. May bz abie to match and comprehend written with spokzn words,

using only this hemisphere,

In the mojor (usually left) hemisphere: match (but not reproduce)
patterns of blocks.

Investigators at the Veteran's Administration Hospital (3) in Boston
suggest that lateral specialization may lic more in motor or éxecutive
than the §ensory~perceptual component of performance.

MSequencing'!

The term refers to the scrial order or spatio-temporal array of
letters in words, words in a sentence, etc.

Le Cours and Twitchell (15) presented conclusions drawn-from the
analysis of snclling errors in intelligent and educated adults with
reading disability. A high percentage of the errors were attributca
"to one or several of the following mechanisms: 1) addition: for
example, scverel becomss serveraly  2) deletion: for cexample, clderly

tie

bicaacs eldury; 3) substitution: for exeiple, micnight

)
LOCONaS
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mignight and L) invcrsion:. for exanple, presence becomes presencc,'
Le Cours (11}) suggests that the phonetic structure of words can
occasionally reinforce these errors and that a common denominator in
all four types of crrors is the presence of pairs of identical letters
in-a word,

Macleilage (16) hcs roached a similar conclusion in analysis of
typing crrors. Hec postulates that one of the detcrminants of language
output is a '"programming mechanism” which determines the order of units,
what will be an integrated sequence and what will not. It is speculated
that "the progremmer activates, to varying degreces, a number of units
stretching some distance ahead of the current response in time."

The programmer can be 'confused," if you will, by the occurrcnce of
fwo identical commands at about the same time; i.¢., identical letters
in a word. The progremmer displaces or postpones one of the commands,
produéing a spelling error. |

Rosenberger (19) has concluded that inability to place letters in
proper sequence in words is of major significance in poor rcading;

This is a distinction other than the inability to recognize the individual
létters in a word or inability to learn the "meaning" of a word.

Kolers and Katzman (13) of the Massachusetts Institute of Technology

have reached similar conclusions from analysis of some individuals!
responsc tb identification of letters in certain words, Thg lettefs
werc presented, tachistoscopically, in serial order corrCSponding to
the left-to-right sequence fn vhich they occur when the particular
vord is written. The authors.suggcsé that there is en "ordering
opcrator' (Macllcilage's '"procorouming mechanism''?) in the visual

pereeptual system which is awere of the temporal array of letters in
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| .

; a word before each member of the array is correctly identificd. That

| is, the number of letters in a word is corrcctly counted but the place-~

i ' ment of onc or morc letters, in left-to-right sequence, may be incorrect.
% In sumnary two arcas of developmental neurology and two of, perhaps,
: broader application have been presented. The former two arecas indicate

; . . . .

| ‘clearly that: 1. Assessment of a given child's nuerological develop-

;

E ment must take account of the extraordinary variation in rate and degrce
{
i
‘
j
|
3
|

f . latter arcas indicate: 1. the complexity of the concept of cerebral

é dominance, that it is currently probably most- accurately defined in

% operational terms and that it may implement our understanding of reading
§ disability; 2. the concept of "sequencing' or spatio-temporal organiza-
? tion of language input and output is in an interesting stage of develop-
% ment and may contribute to our understanding of reading, ordercd or

é disordered.

i

i

g

2

! ‘

i
%
i
¢
i
i
£
i
)
®
i

of development of functions germane to rcading achicvement; 2. the
significance of presumably abnormal neurological signs found in a child
with reading disability must be compared with their frcquency of

occurrence in a normal or unselected population of age-pecrs. The
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